Background: The description of growth patterns of the different anthropometric measurements mainly used in epidemiological studies is useful to better understand the development of obesity in children and its consequences. Objective: Our aim was to establish growth curves of anthropometric indices in a general population of French children born during the 1980s and to compare them with the French reference curves based on children born in the 1950s. Design: As part of the Fleurbaix Laventie Ville Santé Studies I and II (FLVS), 441 girls and 467 boys were examined at least twice between 1993 and 2001. Height, weight and four skinfold thicknesses were measured. Body mass index (BMI), sum of peripheral and truncal skinfolds and truncal-to-peripheral ratio were calculated. Mean growth curves from ages 5 to 17 years were assessed for these indices, calculating means and 95% confidence interval per 1 year age group and by gender. Results: Trajectories with age differed importantly according to the index considered; BMI was the one with the smallest difference between genders and the most linear shape with age. From the age of 5 years and after, the FLVS children were on average taller and had a higher subcutaneous adiposity than children born 30 years earlier. Truncal-to-peripheral ratio was higher in our population; this difference became more marked with puberty in girls. Discussion: This study suggests the existence of a secular trend towards a precocious accelerated growth, and a more truncal adiposity distribution, especially in girls. It is a disquieting trend considering its expected consequences on adult health.
Introduction
A drastic increase in the prevalence of obesity has been observed over the last century in both developed and developing countries, especially in children (de Onis and Blossner, 2000; Chinn and Rona, 2001; Baskin et al., 2005) . Therefore, the study of changes in the growth pattern of adipose tissue during childhood over time may be of interest to better understand the determinants of the childhood obesity epidemic.
Use of sophisticated body composition techniques to evaluate fat mass is unpractical in most population-based research, and epidemiological studies generally use anthropometric measurements as indices of adiposity. Both the amount and distribution of fat mass can be evaluated by anthropometric measurements. The anatomic distribution of body fat is of particular interest because of the close relationship between truncal adiposity and cardiovascular events or risk factors (Asayama et al., 1995; Goran and Gower, 1999; Gower et al., 1999; Savva et al., 2000) . Abdominal circumference and skinfold thicknesses provide a useful measure of regional fat distribution in that context (Savva et al., 2000; Kahn et al., 2005) . For instance, some studies showed that truncal subcutaneous adiposity was more associated than peripheral subcutaneous adiposity with adverse metabolic or cardiovascular outcomes in children and adolescents (Freedman et al., 1987; Freedman et al., 1989) . Additionally, in children, the measurement of height is of interest, as it can be used as an indicator of natural growth and nutritional status.
In the current context of accelerated changes in the nutritional status of children and adolescents, the aim of the present study was to describe, in a French population of children born in the 1980s, the evolution of various anthropometric measurements with age and according to gender. Another purpose was to compare these curves to those from the French reference data established 30 years ago (Sempé et al., 1979; Rolland-Cachera et al., 1990 , 1991 .
Population and methods

Population
Fleurbaix and Laventie are two towns in northern France, with, respectively, 2488 and 4426 inhabitants in 1992, where two studies, Fleurbaix Laventie Ville Santé I (FLVS I) and II (FLVS II), were carried out during two periods of time. For FLVS I, all the children attending primary school in these towns were invited to participate: 826 children aged 5-11 years were then recruited from October 1992 to June 1993, and followed up every year until 1997. In 1999, the FLVS II study was proposed to all 579 families who participated in the FLVS I study, and recruited therefore 294 families. For the latter study, all family members aged over 8 years were examined in 1999 and in 2001.
As we aimed at describing the longitudinal evolution of adiposity indices, we selected all children from those two studies who had been examined at least twice between 1992 and 2001 and were under 18 years of age: 441 girls and 467 boys were included in the analysis. They were composed of 549 distinct families, of which 210, 58, 10 and one families were, respectively, made up of two, three, four and five children. All participants were Caucasians.
Written consent was obtained from parents in each study. The FLVS I study was approved by the Ethic Committee of Lens (France) and the FLVS II study was approved by the Ethic Committee of Lille (France).
Measurements
Anthropometric data were collected by trained physicians. Weight was measured in light clothes to the nearest 0.1 kg, and height to the nearest centimeter. Skinfold thicknesses were measured to the nearest 0.1 mm at four sites on the left side of the body using Harpenden callipers, in triplicate in FLVS I and duplicate in FLVS II. The four sites were as follows: triceps (posterior aspect of the arm, at midpoint between the acromion and the olecranon), biceps (anterior aspect or the arm, at midpoint between the acromion and the olecranon), subscapular (1 cm below the inferior angle of the scapula), and suprailiac (1 cm over the iliac crest, at the midaxillary line). The average value of each measurement was used. Sum of skinfolds, truncal (subscapular þ suprailiac) to peripheric (triceps þ biceps) ratio (TPR) and body mass index (BMI ¼ weight in kg/height in m 2 ) were then calculated.
Statistical analysis
In order to describe the evolution of each index with age, we estimated means and their standard errors (s.e.) by 1 year age classes and by gender using only one global multilevel model (or mixed model; Brown and Prescott, 1999) for each index. The fixed component of the model was:
AgeC was the variable AGE categorized in 13 1-year classes (5-17), but only 12 parameters were estimated as 5 years was the reference group. AgeC * Gender was the interaction term, allowing to assess differences in growth patterns between boys and girls.
The random component of the mixed model was selected as a parsimonious choice after comparing various possible structures. It consisted of two parts. The first part was a marginal model with a first order autoregressive (AR(1)) structure applied to the variance-covariance matrix of the residuals. It was meant to model the non-independence between repeated data throughout the study, and to account for the time distance between the repeated measures. The second part was a random 'family' effect added to the model, in order to take into account the intra-familial correlation, owing to the presence of brothers and sisters in the study population.
Hence, repeated measures of each index were regressed on gender, age class and on gender-age interaction. Means and their 95% confidence interval were estimated for each age class and plotted by gender. Appropriate linear combinations of the fixed parameters obtained from the model (contrasts) permitted to provide the estimates of the differences between any selected age and gender-groups with their s.e., and to test their significance using a Wald test (ratio of an estimated parameter to its s.e.). Wald test was also used to test the interaction between Age and Gender. The departure from linearity was tested by comparing the models' likelihoods when the age groups are considered separately as dummy variables, vs together as a quantitative variable (deviance test).
Next, we compared our results with those of the French part of the 'International Longitudinal Study of Growth in Healthy Children' (ILS). This study was based on children of metropolitan French origin living in Paris, who were born healthy between 1953 and 1956, and whose birth weight was higher than 2.5 kg and lower than 4.7 kg. It was used to build the French reference curves for height, weight and BMI (Sempé et al., 1979; Rolland-Cachera et al., 1990 , 1991 , still used today to monitor growth and diagnose overweight in children all over France. Growth curves for subcutaneous skinfolds were also available. We added the curves from the French reference data in grey line on the graphs, and provided a mere descriptive comparison between the populations. For height, BMI and the truncal-to-peripheral ratio, we used a Student t-test to compare the empirical means between the studies at selected ages.
All analyses were performed with SAS, version 8.2 (SAS Institute Inc., Cary, NC, USA). The MIXED procedure of the SAS software was used for the multilevel models analysis.
Results
Number of measurements and follow-up description
The number of anthropometric measurements by age class is presented in Table 1 . The analysis was based on 4128 measurements, 2022 in girls and 2106 in boys, varying from 663 at age 10 years to 96 at age 17 years.
More than 80% of children had their first examination in 1993 ( Table 2) . Numbers of exams per child were 2, 3, 4, 5, 6, 7 for, respectively, 16, 12, 19, 24, 13 and 16% of the children. On average, children were 7.7 years old (71.8) at their first examination.
Changes in anthropometric indices with age
Changes in anthropometric variables with age are presented in Figures 1-3 according to gender, but corresponding numeric values can be found in the Supplementary Table. Linearity tests showed that curves were significantly different from linearity, for all the parameters studied (results not shown). Moreover, the tests for interaction between age and gender showed that the effect of age was strongly different in girls and boys for all variables (Po0.01), except for BMI (P ¼ 0.055) and truncal skinfolds (P ¼ 0.046).
Growth curve for height revealed that at 5 years, boys were on average 1.7 cm taller than girls (P ¼ 0.012) (Figure 1 ). An acceleration in growth (statural growth spurt) was observed between ages 10 and 12 years in girls ( þ 12.770.26 cm in 2 years; i.e. 6.4 cm/year vs 5.0 between 9 and 10 or 5.2 between 12 and 13) and between 12 and 14 years in boys ( þ 13.370.33 cm in 2 years; i.e. 6.7 cm/year, vs 5.2 between 11 and 12 or 5.2 between 14 and 15).
Growth in BMI was not strongly different between boys and girls (Figure 1 ). BMI increased regularly and almost linearly with age. The girls' curve was above the boys' one, and the difference observed was substantial between 12 and 14 years (Po0.001).
The growth curve of truncal skinfolds between 5 and 7 years showed an adiposity rebound, with a decrease until 6 years and an increase afterwards (Figure 2 ). Girls' curve was always clearly and significantly upper than the boys' one. The difference between boys and girls increased with age and reached more than 10 mm at 17 years (Po0.001).
Unlike truncal skinfolds, for which curve shapes were similar in boys and girls, they were quite different for peripheral skinfolds (Figure 2 , P for interaction ¼ 0.001). Indeed, peripheral skinfolds had a parallel increase in both genders until 11 years. Then, we observed a stagnation in girls followed by a new increase at 13 years, whereas in boys peripheral skinfolds decreased regularly between 11 and 17 years.
Truncal-to-peripheral ratio increased with age in both genders between 6 and 17 years (Figure 3 ). Curves almost superimposed until 10 years, when the girls' ratio then increased faster: around 11 years, girls started to have more truncal than peripheral skinfolds. Thereafter, curves Growth charts of anthropometric indices in children B Heude et al intersected at 14 years when the boys' ratio became higher than the girls', until the difference reached the limit of significance at 17 years (P ¼ 0.054).
Comparison with French reference data
Comparison between the ILS French reference data (Sempé et al., 1979) and ours, for height growth curves, revealed that at age 5 years, FLVS children were taller ( þ 5.2. in girls and þ 5.1 cm in boys, Po10
À3
) (Figure 1 ). At 17 years, differences were weaker in girls ( þ 1.2 cm, P ¼ 0.03) and boys ( þ 3.5 cm, P ¼ 0.003). We also noticed that in the ILS study, the statural growth spurt occurred at the same ages (between 10 and 12 years in girls and between 12 and 14 years in boys), but the mean height increase was higher during those periods than in FLVS ( þ 13.3 vs þ 12.5 cm in girls, and þ 14.1 vs þ 13.3 cm in boys). Figure 2 Growth curves between 5 and 17 years for truncal and peripheral skinfolds in girls (dashed black lines) and boys (solid black lines) from the FLVS Study. Means by age and gender are given with their 95% confidence interval. Growth curves for truncal and peripheral skinfolds from the ILS Study (Sempé et al., 1979) are also represented (grey lines).
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BMI curve in the FLVS children was above the reference curve from age 7 years in girls and 10 years in boys, with a marked difference in girls, mainly during puberty (0.8 kg/m 2 , P ¼ 0.01 at 11 years) (Figure 1 ). The BMI of FLVS was higher in girls than in boys at any age, whereas in the reference data, BMI was higher in boys between 5 years and 11 years.
Growth curves for skinfold thicknesses in FLVS children were clearly above those of ILS (Sempé et al., 1979) , whatever the age and gender; and the difference seemed to increase with age for truncal skinfolds (Figure 2 ). Despite this gap, growth profiles from both populations were remarkably similar. The truncal-to-peripheral ratio (Rolland-Cachera et al., 1990) was also higher in FLVS than in ILS at 5 years (Po0.001) and later (Figure 3) . If the curve shape was the same between FLVS boys and their former counterpart, it was not the case for girls. Indeed, in FLVS girls, truncalto-peripheral ratio kept growing over adolescence, whereas it stagnated in ILS. Ratio reached at age 17 was 1.2, which corresponds to a relatively higher level of truncal adiposity compared to the peripheral one, which was not the case in ILS girls whose ratio was 0.8.
Discussion
Trajectories with age differed importantly according to the index considered; BMI was the one with the smallest difference between genders and the most linear shape with age. From 5 years of age and after, the children of our study were on average taller and had a higher subcutaneous adiposity than children born 30 years earlier. Moreover, truncal-to-peripheral subcutaneous adiposity ratio was higher in our population, and this difference became more marked with puberty in girls.
Our results show that BMI is the measurement for which growth is the most similar between girls and boys during childhood and adolescence, whereas the evolution of peripheral adiposity is quite different in boys and girls after the beginning of the pubertal period. Indeed, as it has already been pointed out by several studies (Fomom et al., 1982; Tanner, 1986; Dai et al., 2002) , BMI measures fat and lean masses concurrently. During puberty, boys' fat mass decreases, whereas they gain more muscular mass compared with girls. Therefore, similar growth in BMI during puberty does not reflect similar quantitative changes in body composition.
Unfortunately, a more accurate fat mass measurement, such as bioelectrical impedance, would have permitted us to compare all these parameters to the growth of fat mass percent, but was not available in our study. Dai et al. (2002) showed, in an American children population, that the skinfold sums tended to reflect a growth pattern similar to that of percent body fat assessed by bioelectrical impedance. However, that study did not distinguish truncal and peripheral subcutaneous adiposity, whereas our results showed a distinct evolution of these parameters with age in boys and girls, especially during adolescence.
We could observe and confirm in the French reference curve as well as in the FLVS curve for height that the statural growth spurt occurred earlier in girls than in boys (Tanner and Whitehouse, 1976) and at the same ages in both generations. FLVS children were taller, but the height difference was decreasing with older ages. This observation suggests that the recent increase in mean height could rather be a secular trend in an accelerated growth early in infancy (Olds and Harten, 2001; Heude et al., 2003) . As illustrated in our results, a lower magnitude of statural growth spurt during puberty, in more recent generations of children, could explain a smaller difference in final height between these children and those from previous generations. The same observations have been reported in another recent French study (Deheeger et al., 2002) .
There is no national sample representation of the children of the 1960s available in France. The reference data are based on children of metropolitan French origin living in Paris who were born healthy between 1953 and 1956. They are used today by the French physicians to monitor growth and diagnose overweight in children from all over France. Our two samples were comparable in terms of ethnicity, but not in terms of geographical origin (North of France vs Paris area) or socioeconomic status, even if we had no information about social origin of the children from the reference study. However, the comparison of socioeconomic status in the 1950s to that in the 1980s is questionable: the environ- Growth charts of anthropometric indices in children B Heude et al mental and nutritional factors associated with socioeconomic statuses, and suspected to explain the trends observed, will have evolved anyway. In addition, there are other regional or national data confirming that today's children have higher fat mass or height than the 'Reference children' (Deheeger et al., 2002; Rolland-Cachera et al., 2002) . Therefore, we do not think that the observed differences can only be attributed to a sample bias. It is also conceivable that systematic measurement errors or methodological differences may have contributed to the differences between the surveys, particularly concerning skinfold thickness measurements. However, with the same error at the numerator and denominator, systematic measurement error should have had less impact on the truncal-to-peripheral ratio. A trend towards an increase in central pattern of adipose tissue distribution, measured with truncal-to-peripheral ratio, has also been observed in young Spanish children, independently of the increase in BMI (Moreno et al., 2001) . Two studies in British children aged 2-5 and 11-16 years, respectively, showed that truncal fat mass had increased between the 1980s and the 1990s, and that the increase was slightly higher in girls than in boys (McCarthy et al., 2003 (McCarthy et al., , 2005 . Similarly to our results, these observations were made despite an only modest increase in BMI over the same period of time, suggesting that in the years following the British Standard Institute Survey, the proportion of fat deposited centrally rather than peripherally had increased.
The steeper rise with age in truncal adiposity in girls compared with boys disclosed in our study seems to be a recent phenomena, and was also observed in a recent population of Australian children followed up in adolescence (Garnett et al., 2005) . Cowell et al. underlined that, in boys, truncal distribution of fat mass was independent of total fat mass level, whereas in girls, a higher level of fat mass was associated with a more truncal redistribution of adiposity (Goulding et al., 1996; Cowell et al., 1997) . Hence, global increase in fat mass level in girls born in the 1980s compared to older populations of children could explain the fact that they showed a more truncal distribution of fat mass than previous generations.
In FLVS children, statural and adiposity growth may have started earlier than in previous generations of children. These results raise the issue of the consequences of an early accelerated growth. Secular trend towards an increase in mean height is considered as an indicator of an improvement in nutritional conditions in populations (Olds and Harten, 2001) . However, several studies suggested that an increased height during childhood or a rapid growth of this parameter could be considered as a risk factor for several cardiovascular and metabolic diseases in adulthood (Eriksson et al., 2000; Freedman et al., 2001; Elrick et al., 2002) . Particularly, as proposed by Singhal and Lucas (2004) , a rapid early growth could be the pathway for the early origins of cardiovascular disease. It has been suggested that growth factors (insulin-like growth factor-I) or the growth hormone could participate in the link between early growth and adult cardiovascular disease, like hypertension (Lever and Harrap, 1992) . However, we can also underline the fact that fat children tend to be taller than their peers and to present a slight acceleration of skeletal maturation (Olds and Harten, 2001 ). This secular trend of taller children is contemporaneous with an increase in fat mass level; both could be attributed to changes in food intake early in childhood, that may predispose to higher risks of cardiovascular and metabolic diseases (Vignolo et al., 1988) .
Furthermore, distribution of adiposity has been correlated to cardiovascular risk factors during childhood and adolescence (Freedman et al., 1989; Sangi et al., 1992; Asayama et al., 1995; Savva et al., 2000) . Persistence of obesity and of truncal distribution of fat mass may herald, in adulthood, an increase in some diseases such as diabetes mellitus or the metabolic syndrome in men, but also in women, although they are generally considered as protected from them before menopause (Price and Fowkes, 1997; Bertrais et al., 1999) .
Lastly, it is worth underlining in our study that differences between generations of children already exist at the age of 5, suggesting the existence of factors operating before this age. The recent increase in childhood obesity prevalence has been attributed to recent changes in environmental expositions, but no comprehensive identification has been established yet. Considering our results, research should focus on factors involved in growth before birth or early in infancy. For example, prevalence of gestational diabetes or glucose intolerance during pregnancies have increased during the last decades, and could participate in the increasing rate of overgrown infants (Kral, 2004) .
In conclusion, this study provides, in a population of French children born in the 1980s, growth curves of various anthropometric indices generally used in epidemiological studies on growth and obesity. The differences, observed as early as age 5 years, between our population and children born 30 years before, show the existence of a secular trend towards a precocious accelerated growth, and a more truncal adiposity distribution, especially in girls. It is a disquieting trend considering its expected consequences on adult health. Further research is required to identify the prenatal and early postnatal factors possibly responsible for this observation.
